The mechanical engineering technology (MET) students at the University of Toledo start their curriculum with a three-credit hour course entitled "Computers for Engineering Technology". Over the years, this class was subject to many changes with the objective of increasing student retention and overall satisfaction. Since this course is one of the first technical courses the students have to take, the latest approach is to incorporate hands-on laboratory experience with the goal of getting the freshmen accustomed with novel techniques of acquiring data, building the skills to analyze and investigate data using Excel software, writing a laboratory report, using a Word processor, and comparing their results with computer simulation results using Matlab or Simulink. At the end of the course each student will have the opportunity to improve their presentation skills by presenting their findings in front of their peers using PowerPoint. For the first hands-on experiment the students used a Vernier Dynamics Cart and Track System; this particular project was chosen to enhance the students' skills in trigonometry and physics mechanics. In this experiment students collected the data in the form of space and time, and were asked to find the speed and acceleration.
Introduction
The Engineering Technology (ET) Department is the largest in terms of student count of the six academic departments in the College of Engineering at the University of Toledo. The Department offers ABET accredited professional technical programs leading to the Bachelor of Science degree in four areas of study: Computer Science and Engineering Technology (CSET), Construction Engineering Technology (CET), Electrical Engineering Technology (EET), and Mechanical Engineering Technology (MET). The Department also offers a Bachelor of Science degree in Information Technology (IT) in partnership with the College of Business and Innovation. The MET program is the largest out of the five ET programs, with about 450 students enrolled.
One of the first courses the MET freshmen take is MET1050 "Computers for Engineering Technology". The course deals with the concepts and techniques related to the application of computers to the solution of manufacturing and engineering technology problems. The course provides an introduction to computer operating systems, programming language, and technical software.
The ABET criteria (1) covered by this course are a, b, c, d, e, and f, and at the end of this course the students will be proficient in working with Word, Excel, PowerPoint, and will have the basic knowledge of working with one or two of the Engineering software like Matcad, Matlab, etc.
The present work offers a comparison between two different teaching strategies, named herein "Method 1" and "Method 2", with the goal of identifying the best strategy for improving the students' skills and retention.
In Method 1, the course starts with an overview of the Microsoft Office software: Word, Excel, Power Point, and Publisher software packages. The course then continues with an introduction to programming: Python, MathCad, Matlab, and Arduino. For each exercise, external material is provided by the instructor. As a side note, no textbook is required from our students for this course.
Compared with this established methodology, a new strategy, Method 2, was developed and applied for the Fall 2016 semester in one section offered for this course, with the objective to increase the students' involvement in class, as well as enhancing the students' knowledge in using the latest software applicable to the engineering field. As a general theme, to enhance the students learning on data acquisition, interpretation, and reporting, in this method a series of hands-on learning experiments were introduced, which were then used as starting points towards attaining the learning objectives for this course. Additional changes were made involving the software which the students learn during this course: Simulink and C programming.
Change no. 1: Excel & Data Collection in Excel
Method 1: Two lectures are dedicated to learning the Microsoft Excel software. During these lecture times, the students review their previous knowledge and learn new tools on entering data, using formulas and functions, inserting graphs, generating tables, etc. For example, one of the first example problems is to compute the velocity value for each cell and then the average velocity, when the time and the distance are provided, as shown in Figure 1a below. For this simple exercise, students are instructed to build a table with the values for time and distance given by the instructor. Based on these given data, they are asked to build the third column, named "velocity", by introducing the required formula to calculate the velocity required in each cell.
Afterwards, the students are instructed to present the velocity data with two decimal places and compute the average velocity. In this elementary example, the students learn how to introduce different values and formulas in the Excel cells.
a) b) Figure 1: Examples of Excel Exercises Presented in Class during Lecture
A similar Excel exercise is to create a "student exam score" chart, as seen in Figure 1b and to compute the final grade when: a) all three exams are worth the same, and b) when exams 1 and 2 are worth 25% and the final is worth 50% of the overall score. Introductory theory and nomenclature regarding statistics, such as standard definition, are introduced at this time as well. Additional Excel tools which the students learn during these elementary Excel lectures are inserting different types of charts / graphs / plots, using the chart tools and formatting, using Excel standard functions for the descriptive statistics, such as the mean, median, mode, standard deviation, etc.
Several Excel projects were assigned as home projects. Some examples are presented below: 1) Generate a spreadsheet to compute the coefficients C w of the weir when given data are the height, H (inches), time (seconds), volume, V (US gallons), and the important equations detailing the relationship between the volumetric flow, (Q, H, and C w , as given by Equation #1, for an angle a of 30 o :
tan α 2gH 6 7 (Eq. 1)
2) Fill-up the table presented below, and plot the y and z values as functions of x. For this particular exercise, the instructor asks students to pay attention to graph formatting, by showing the graph title, axes, legend, and tick marks, etc. One might say that these exercises are not necessary since the today's students are familiar with the Excel software. This is indeed the case for some, but many of our students do have difficulties mastering the Excel software, such as working with the equation editor, using the statistical functions, and presenting the data in a professional matter. These deficiencies become visible in the more advanced MET courses in which the students are asked to perform hands-on experiments, collect data, interpret data, and compare to numerically obtained values by applying the theory.
Method 2: In Fall 2016, the authors began to implement a new way of teaching students how to use Excel. As before, only two lectures were dedicated to this topic. During the first lecture, the students learned how to enter the data, place basic formulas into cells to do the required calculations, as well as to do basic data formatting for presenting. At the conclusion of the first lecture the students were split into groups of three or four, and each group was allowed about 10 minutes to perform and collect data using a short hands-on experiment. The data acquisition system (DAQ) uses Vernier LabQuest and a Vernier Dynamics Cart and Track System with Motion Encoder (2) , as seen in Figure 3 . An optical sensor under the cart senses the passing of the cart over the marked strips on the dynamic track and the information about the position is send to a receiver at the end of the track, allowing the students to explore the 1-D motion kinematics theory, and to collect real data in the form of time, distance, and velocity. As the LabQuest DAQ samples the position data, each group of students has a unique set of data to work with, but still within a relatively small range of differences between groups. While each group's data was unique to their respective set-up conditions, like the track inclination, they are all similar and demonstrate the same kinematic theory. During the second lecture covering the Excel software, the students were taught how to take a large set of data and process it. For example, during this lecture, the students learned how to:
1) Process the data by removing the points unnecessary to their analysis, like those points collected before the cart started moving and after the cart stopped; 2) Apply the equations for velocity and acceleration to calculate those parameters, and 3) Generate and format a graph the displays their data in a readable fashion. In the end, all students produced graphs similar to the one shown in Figure 4 . Method 1: Two lectures are dedicated to the Microsoft Word software. During these lecture times, the students review their knowledge and / or learn new tools, such as using the equation editor, inserting a graph, generating a table, etc. Historically, one of the first examples studied was to read and discuss a provided fairly long laboratory report entitled "Mechanical Properties of 1018 Steel in Tension". The lab report is similar to the laboratory reports our students will need to do in their "Applied Material Science" or "Strength of Materials" courses. The students get familiarized with the general structure of such laboratory reports, such as a front page, table of contents, list of figures, tables, and symbols, abstract, introduction, theory, experimental procedure, results and discussion, conclusion, references, and appendices. For example, in the list of symbols, the students learn to use the symbol editor, and learn current nomenclature used for material science properties, including elastic modulus, strain, displacement, stress, yield, and errors. The "Theory" section gives the students the opportunity to use the equation editor and to apply a general and consistent way to reference the equation(s) in the body of text. Similar learning objectives are on adding a figure or drawing a new one using the drawing editor. The "Results and Discussion" section offers the students the opportunity to learn about data manipulation and presentation, both in form of tables and graphs. Finally, the students learn how to refer and incorporate the necessary references.
Two projects are usually assigned during this section. In the first one, the students receive an example of a lab report without equations, figures, tables, and table of content. The students are asked to reformat this lab report according to the directions presented during the lecture. The second project, involves the creation of a large lab report from a pdf file containing only text, plus a set of given figures, tables, equations, and references. The students are asked again to use the guidelines presented during the lectures to generate a laboratory report incorporating all the given information. In addition, the students are asked to use bold, underlining, and variable font sizes to differentiate between the report sections, titles, figures, and tables, to create equations using the equation editor, to generate tables, and to import figures into the document. Tables of content, figures, tables, symbols, as well as appendixes are also required to fulfill this assignment.
Method 2: Since the students have already performed an actual hands-on experiment and collected the data during this hands-on exercise, the experiment provides the perfect venue to move into Word and create a laboratory report together as a class, based on individual data collection. By using a general template of a laboratory report used by several of the MET courses, the students (with some additional guidance) went through the process of completing a standard lab report. During this lecture, the students learned how to present / demonstrate what they did in the lab, how to add the required theory and explain the physics behind the experiment, such as the governing equations that describe the experiment and to detail what happened during it, as well as how to import their charts from Excel to show the collected data. By having actually done the hands-on experiment, the writing of a laboratory report should feel more relevant to the students compared to working on a generic report.
In addition, during the time of the course, the students were also given some group projects to work on. These projects were less complex, but did involve collecting data, processing data, and writing a laboratory report to turn in as part of the project and grade. This exercise added another opportunity throughout the course to reinforce both the skills learned in Excel and Word as well as to allow the students to work together as part of a group on a project during their freshman year.
Change no. 3: Learning New Software with Direct Application to the Engineering Field Method 1: Historically, this course also covers an introduction to programming. Several software packages are used, including Python (with two and a half weeks dedicated to it), Mathcad (two and a half weeks), and Matlab (two weeks). In each instance, introductory concepts and general info about the software package are provided, as well as few simple programing exercises being carried out to get the students accustomed with each software package.
Method 2: During the Fall 2016 semester, the authors proposed to slightly modify the software that the students study to make the course feel more relevant to the MET engineering field, as well as more stimulating. The first software package that the students were introduced to was Matlab. With Matlab, students were shown how to enter numbers in various formats, generate lists of numbers, and how to perform calculations on the numbers that were entered. One lecture was spent on covering the basics of working with Matlab. Once the basics of Matlab were covered, students were introduced to Simulink, which is a software package integrated with Matlab.
Using Simulink, the authors wanted to model a physical system that is easily visible and also repeatable, as well as being relatively easy to model in a basic way by the inexperienced engineering students. In this case, the experiment chosen for modeling was a bouncing ball. One important thing to note is that the students were not necessary expected to have a deep understanding of the mathematics behind the bouncing ball to make the simulation model work. The idea behind this hands-on lab was to show them how to use the tools available to them to model a physical system. During the lecture, in class, a ball was bounced around and the students were asked to make observations about the behavior of the ball. As one expected students and instructor had a lot of fun during this lecture, not only observing the bouncing ball, but learning to apply their observation to create a simulation model. Some basic equations were presented to the students in class, along with a little logic that can be applied to a Simulink model, logic provided by the software builder, Mathworks. The students could easily follow the logic along with relative ease, but they also had a lot of questions. A slight variation of the model was applied to the one provided by Mathworks to allow the acceleration of gravity be changed easily; this change was made so that students could then have a chance to model the behavior of the system in different planetary environments.
Compared to Method 1, in which the students learn Python as a programming language, with Method 2 the students learned elements of the C programming language. Using C programming, they were allowed to use one of a variety of readily available online compilers to write and run their programs following a basic programming structure taught in class. Topics covered included variables, conditional statements, and loops. Students were given some introductory basic assignments to work on, inspired from common physical phenomena, that everyone is familiar with, to reinforce the concepts.
The experience gained during the first application of Method 2 shows that the Arduino programming language can also be covered in the final part of class. The Arduino programming is proposed to be added to the curriculum starting Spring 2017. The authors propose to continue familiarizing the students with C programing, and then take them to a next level in which they adapt the concepts learned with C to a microcontroller environment. This way they could take their new programming skills and use them to make things happen instead of just seeing results listed on a computer screen. Some basic projects the authors are considering are to make an LED bulb blink continuously, make a LED light up when a button is pushed and turn off after a set amount of time has passed, and how to get the Arduino to communicate with the computer through the virtual com port system. While these examples of elementary projects only introduce the students to what Arduino can do, the main objective is to demonstrate that this platform is available to them and it is user friendly, thus enabling them to integrate it into future projects that they may want to work on, such as during the senior design project, as a way to add control to a mechanical system. At the conclusion of this new version of the course, presented herein under Method 2, the students were given a short questionnaire comprised of 8 questions, to provide an additional layer of feedback on top of the normal course evaluation that the students are asked to complete at the end of a course. The questionnaire was targeted only on the material that was new to the course and the students' responses were anonymous. The data gathered from this questionnaire is presented below. Please note that for the first 5 questions, the students were asked to answer "yes", "no", or "kind of", while for the remaining three questions, (Q6 to Q8), the students were asked to give a grade from 1 to 10.
